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Brookings, SD 
"A salute to L. J. Kortan'' 
' 
SALUTE TO LAVERNE J. KORTAN 
The 1983 Swine Day is dedicated to LaVerne J. Kortan who 
retired October 1, 1983 after 38 years of dedicated extension 
service in South Dakota. Karty, as he is known by his many 
friends, started his professional career as assistant county 
agent in Beadle County and then moved to Hand County where he 
was county agent for 7 years. In 1952 he was appointed 
Livestock Extension Specialist for sheep and swine at South 
Dakota State University. Since 1973, he has served as extension 
swine specialist. 
Karty initiated and conducted an active extension program 
with all segments of the pork industry. He served as secretary 
of the South Dakota Purebred Swine Breeders Association, which 
he organized in 1952; was secretary of the South Dakota SPF 
Swine Association; executive secretary of the. South Dakota 
Master Pork Producers Committee, a program he helped develop in 
1958; was secretary of the South Dakota Swine Disease and Health 
Committee and was advisor for the South Dakota Swine Evaluation 
Station for 22 years. He has received numerous awards in 
appreciation of his dedicated and inspirational leadership in 
aiding the swine industry. Thousands of swine producers, 4-H 
members and others have heard Karty promote pork production at 
meetings throughout the state, on radio and TV, in the showing 
at purebred shows, 4-H achievement days and the South Dakota 
State Fair or read his many news releases. 
Karty, the entire swine industry and your colleagues at 
South Dakota State University salute you for your efforts in 
behalf of the livestock industry these past 38 years. We are 
indebted to you. 
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FEED ADDITIVE ADDITIONS TO PIG CREEP FEED 
G. W. Libal and R. C. Wahlstrom 
Department of Animal and Range Sciences 
SWINE 83-1 
Considerable var~ation often occurs in litter performance 
and survivability during the lactation period. While most pig 
losses occur during early lactation, some deaths do occur after 
the pig is old enough to consume part of its dietary needs from 
creep feed. 
The study reported herein was designed .to evaluate the 
effect of adding Neo-Terramycin or Aurea SP-250 to the creep 
diets from day 14 to day 28 of lactation. 
Experimental Procedure 
Thirty sows and litters were allotted to three treatments 
on the basis of litter size, parity and location within the 
farrowing barn. Litter size was equalized as much as possible 
within sows farrowing the same day. Standard management 
practices for care of sows and litters were employed. On day 14 
of lactation, one of three creep diets was provided to each 
litter. The diets consisted of a 21.5% protein creep diet 
(table 1) which contained the following additives: 
3 . 
Nee-Terramycin - 150 g terramycin plus 150 g 
neomycin sulfate per ton of feed 
Aurea SP-250 - 100 g chlortetracycline plus 100 g 
sulfamethazine plus 50 g penicillin per ton of feed 
Control - no feed additive 
Individual pig weights were _obtained at birth, 14 days and 
28 days of lactation. Feed consumption of litters was measured 
between 14 and 28 days. 
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Table 1. Experimental Creep Diet Composition 
Ingredient 
Ground corn 
Soybean meal, 44% 
Rolled oat groats 
Dried whey 
Sugar 
Yellow grease 
Trace mineralized salt, 
.8% zinc 
Dicalcium phosphate 
Limestone 
Vitamin premix 
a 
·a 
Percent of diet 
33.7 
35.6 
10.0 
10.0 
5.0 
2.0 
• 3 
2.1 
• 9 
.. 4 
Calculated to provide 21.5% protein, 
1.25% lysine, .98% calcium and 
.80% phosphorus. 
Results and Discussion 
The results of the creep feeding trial are summarized in 
table 2. Ten litters were included in each treatment group. 
While some numerical differences may be observed, no statisti-
cally significant differences due to dietary treatments were 
present. Treatments were ·imposed on day 14 of lactation. 
Weight changes from day 14 to 28 were not statistically differ-
ent among treatment groups. Pigs receiving either feed additive 
gained about .42 kg more during the 2-week treating period. 
However, all groups of pigs increased their body weight about 39 
to 40% during this period. Although differences in pig survival 
existed for the entire 28 day period, survival during the 
experimental period (day 14 to day 28) was very high and essen-
tially did not differ among treatments. Creep feed consumption 
was statistically not different across treatments and was quite 
low, averaging .85 kg (1.9 lb) per pig for the entire two week 
experimental period. It should be pointed out that pigs did 
have access to sow feed which was provided to the lactating sow 
on a free-choice basis. 
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Table 2. Pig Performance as Affected by Feed Additives 
Incorporated in Creep Feed From Day 14-28 After Farrowing 
a 
~reep Feed Treatments 
Neomycin- --x'llreo No 
Terramycin SP-250 Antibiotic 
No. litters 
No. live~ 
Birth 
14 days 
28 days 
Pig Survival i!l 
28 days 
14 to 28 days 
Average ..El_g_ weight, ~ 
Birth 
14 days 
28 days 
10 
8.50 
7.20 
7.10 
83.S 
98.6 
1. 61 
4 .18 
7.00 
10 
9.70 
7.40 
7.30 
75.3 
98.6 
1. 56 
4.30 
7.12 
Average feed consumption, ~ (14 to 28 days) 
Per litter 6.29 6.03 
Per pig .93 .85 
a 
Creep feed provided free choice from days 14-28. 
b 
10 
9.80 
7.00 
6.80 
69.4 
97.1 
1. 63 
3.72 
6.12 
5.66 
.78 
150 g Terramycin plus 150 g Neomycin sulfate per ton of 
feed (Pfizer). 
c 
100 g chlortetracycline plus 100 g sulf amethazine plus 
50 g penicillin per ton of feed (American Cyanamid). 
Summary 
Thirty litters were allotted to three treatments which 
consisted of creep feed diets provided from day 14 to day 28 of 
lactation. The treatments were dietary additives of Nee-Terra-
mycin, Aureo SP-250 and a Control diet with no additives. Pig 
feed consumption was relatively low during the two week period 
and no differences in pig weights, pig survival or pig feed 
consumption was observed due to creep feed treatments. 
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LIMITING AMINO ACIDS IN SUNFLOWER 
MEAL FOR GROWING SWINE 
R. C. Wahlstrom, R. C. Thaler and G. W. Libal 
SWINE 
DAY 
Department of Animal and Range Sciences 
SWINE 83-2 
Increased production of sunflower seeds, particularly in 
South Dakota, North Dakota and Minnesota, has increased the 
availability of sunflower meal as a protein supplement source 
for livestock diets. Previous research has shown that sunflower 
meal is not a good source of the amino acid lysine, the first 
limiting amino acid in sunflower meal. If lysine is available 
at a competitive cost, economical diets can be. formulated using 
synthetic lysine and sunflower meal that are equal in lysine 
content to diets using soybean meal as the protein source. This 
study was conducted to identify other limiting amino acids in a 
lysine fortified low protein, corn-sunflower meal diet for the 
growing pig. 
Experimental Procedure 
One hundred twelve weaned pigs averaging approximately 53 lb 
were allotted to seven dietary treatments replicated four 
times. Allotment was on the basis of sex and weight with two 
barrows and two gilts in each pen. The pigs were housed in a 
slotted floor, totally enclosed confinement building. Pigs were 
weighed weekly during the four week experiment. Blood samples 
were collected from all pigs. on day 28 of the experiment and 
these samples were analyzed for urea nitrogen. 
The composition of the diets is shown in table 1. 
mental treatments were as follows: 
Treatment 1 - 12% protein sunflower meal diet plus 
.4% L-lysine 
Treatment 2 - Diet 1 plus .05% L-tryptophan 
Treatment 3 - Diet 1 plus .1% L-th-reonine 
Treatment 4 - Diet 2 plus . 1% L-threonine 
Treatment 5 - Diet 4 plus .1% L-isoleucine 
Treatment 6 - Diet 5 plus .1% DL-methionine 
Treatment 7 - 16% protein sunflower meal diet plus 
.27% L-lysine 
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Experi-
Table 1. Composition of Experimental Diets (%) 
Ingredient 
Yellow corn 
Sunflower meal, 41.2% C.P. 
Dicalcium phosphate 
Ground limestone 
Salt, white 
Trace mineral premixa b 
Vitamin additive premix 
L-lysine hydrochloride 
a 
12% protein 
86.7 
10.2 
l.2S 
.8 
. 3 
.OS 
.18 
.S2 
16% protein 
74.67 
22.7 
.65 
1 . 1 
. 3 
.OS 
.18 
.3S 
Supplied the following minerals in ppm: zinc, 100; iron, 
7S; copper, 7.S; manganese, 2S; iodine, .17S and selenium, .1. 
b 
Supplied per pound: vitamin A, lSOO IU; vitamin D, ISO IU; 
vitamin E, S IU; vitamin K, 1 mg; riboflavin, l.S mg; panto-
thenic acid, 6 mg; niacin, 8 mg; vitamin B 12 , 6 mcg; pyrantal 
tartrate, 48 mg and chlortetracycline, 2S mg. 
Results 
Growth performance and blood urea nitrogen data are 
summarized in table 2. All diets were supplemented with syn-
thetic lysine at levels above National Research Council recom-
mendations and calculated levels of lysine were equal in all 
treatments. Pigs in treatment 7, fed the 16% protein diet, 
gained faster, consumed more feed daily and were more efficient 
in feed utilization than pigs in treatment 1, fed the 12% pro-
tein diet. Supplementing the 12% protein diet with either 
tryptophan or threonine alone did not significantly improve pig 
performance. However, when tryptophan and threonine were added 
together (treatment 4) rat~ of gain and feed/gain were improved. 
Further supplementation with isoleucine and/or methionine did 
not significantly improve gain or efficiency over that of pigs 
fed the diet supplemented with tryptophan and threonine. Aver-
age daily gain and feed/gain were not significantly different 
among pigs fed the 16% protein diet (treatment 7) and those fed 
the 12% protein diet supplemented with the combination of tryp-
tophan and threonine alone (treatment 1) or along with isoleu-
cine and methionine (treatments Sand 6). Average daily feed 
consumption was highest for pigs fed the 16% protein diet. 
Blood urea nitrogen levels decreased as amino acids were 
supplemented to the 12% protein diet indicating an improvement 
in amino acid balance of these diets. The increase in blood 
urea nitrogen of pigs fed the 16% protein diet indicates an 
excess of amino acids was present in this diet. 
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The results of this experiment suggest that the second and 
third limiting amino acids (after lysine) in sunflower meal are 
tryptophan and threonine. The data were not conclusive as to 
whether isoleucine or methionine are deficient in sunflower 
meal, since there were no significant improvements when these 
two amino acids were added to the 12% protein diet used in this 
experiment. 
Summary 
An experiment utilizing 112 weaned pigs was conducted to 
study the amino acid deficiencies of sunflower meal for growing 
swine. Lysine was suppl~mented to all diets at levels above 
suggested requirements. 
Twelve percent protein, sunflower meal diets containing 
added lysine were improved when supplemental tryptophan and 
threonine were both included in the diet. Pig performance was 
not improved further when isoleucine and methionine were added 
in addition to tryptophan and threonine. Rate and efficiency of 
gain were not different among pigs fed the 16% protein diet and 
those pigs fed 12% protein diets containing tryptophan and 
threonine with or without isoleucine and methionine. 
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Diet 
Table 2. Effect of Amino Acid Supplementation of a Low 
Protein, Lysine Supplemented Sunflower Meal Diet 
12% Erotein and lysine 16% 
Amino Acids --- Tryptophan Threonine Tryptophan Tryptophan Tryptophan 
Threonine Threonine Threonine 
Isoleucine Isoleucine 
Methionine 
Treatment No. 1 2 3 4 5 6 
a 
Initial wt, lb 53.1 53.1 53.1 53.2 53.1 53.3 
Final wt, lb 
lbb 
83.2 85.8 80.4 90.6 90.6 94.7 
Avg daily gain, 1.08 1.17 .98 1. 34 1. 34 1.48 
Avg dailydfeed, lbc 3.40 3,50 3 .10 3.56 3.51 3.85 
Feed/gain 3.21 3.02 3.29 2.69 2.64 2.61 
Blood urea nitrogen, 12.l 10.4 10.2 8.9 8.5 8.6 
mg/dle 
a 
Four lots of four pigs each per treatment. 
b 
Means of treatments 1 and 3 are different than 4, 5, 6 and 7; treatment 2 is 
different than 6 and 7, (P<.01). 
c 
Means of treatments 1, 2, 3, 4 and 5 differ from 7, treatment 3 differs 
from 6, (P<.01). 
d 
Means of treatments 1 and 3 differ from 4, 5, 6 and 7 (P<.05). 
e 
Means of treatment 1 differs from 3, 4, 5, 6 and 7; tr~atment 2 differs from 
5, 6 and 7; treatment 3, 4, 5 and 6 differ from 7. 
Qrotein 
7 
53.7 
96.1 
1. 51 
4.05 
2.66 
14.6 
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SUNFLOWER SEEDS IN GROWING-FINISHING SWINE DIETS 
A. D. Hartman, R. C. Wahlstrom and G. W. Libal 
Department of Animal and Range Sciences 
SWINE 83-3 
South Dakota has become a leader in the production of 
sunflowers during the past few years. Sunflowers are an 
excellent oil. crop as they may contain 40~ oil that is highly 
unsaturated in nature. In swine diets, the addition of 
sunflower seeds would replace mainly the grain or carbohydrate 
source in the diet, This would increase the energy content of 
the diet and shift the energy source from carbohydrate to a 
mixture of carbohydrates and fat. A previous experiment 
reported in the 1982 South Dakota Swine Day proceedings 
indicated that 20% dietary sunflower seeds reduced rate of gain 
and produced softer carcasses but 4id not affect the eating 
quality of the pork. 
The study reported herein was designed to further evaluate 
different levels of sunflower seeds in swine diets on swine 
performince and carcass characteristics. 
Experimental Procedure 
Eighty crossbred pigs averaging 65.7 lb were allotted, four 
pigs per pen, to four dietary treatments. The pigs were housed 
in a completely enclosed confinement barn at the South Dakota 
State University swine research unit and fed · to average pen 
weights of 220 lb. The four dietary treatments contained 0, 
2.5, 5 and 10% sunflower seeds (table 1). Diets were formulated 
to contain the same amount of lysine among. treatments. The 
chemical analyses of all diets are shown in table 2. 
At average pen weights of 220 lb the barrows, which 
comprised one half the total number of pigs in the experiment, 
were slaughtered in the Animal Science meats laboratory. A fat 
sample was taken from the midline between the second and fifth 
lumbar vertebrae for iodine number determination. Following, a 
24-hour chill, carcass measurements were taken to determine 
carcass length, average backfat, pounds of muscle in a 
standardized 160 lb carcass, and loin eye area, color, firmness 
and marbling. The carcasses were also visually inspected and 
given a carcass firmness score based on the overall firmness of 
the carcass. Ba~on sliceability, another indicator of carcass 
firmness, was also determined on cured and smoked bacon sides. 
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Table 1. Percentage Composition of Diets 
Dietary Eeriods 
To 130 lb 130 to 220 lb --- -- --
Sunflower seeds 1 % 
Ingredient 0 ·2. 5 5 10 0 2.5 5 10 
Corn 76.6 74.3 71. 9 67.2 82.5 80.2 77.8 73.0 
Soybean meal 20.l 20.6 20.5 20.3 15.0 14.8 14.8 14.6 
Sunflower seeds 0 2.5 5.0 10.0 0 2.5 5.0 10.0 
Di calcium phosphate 1. 2 1. 2 1.1 1. 0 1.0 1.0 .9 . 9 
Limestone . 8 .8 .8 . 8 .. 8 .8 . 8 . 8 
Trace mineralized salt . 3 . 3 . 3 . 3 . 3 . 3 . 3 . 3 
Vitamin premix a . 4 . 4 .4 . 4 .4 .4 .4 .4 
a 
Supplied per lb of diet: vitamin A, 1500 IU; vitamin D, 150 IU; vitamin E, 
3 IU; vitamin K, 1.2 mg; riboflavin 1.5 mg; pantothenic acid, 6.0 mg; niacin, 
9.6 mg; choline, 30 mg; vitamin B 12 , 6.0 mcg; selenium, 54 mcg and aureomycin, 
12.5 mg. 
Table 2. Chemical Composition of Diets 
Dietary Qeriods 
To 130 lb 130 to 220 lb ----- -------Sunflower seeds 1 % 
Source 0 2.5 5 10 0 2.5 5 10 
Moisture 10.4 10.7 10. 1 9.6 10.3 10.2 10.0 10.6 
I-' Crude protein 16.7 17.8 17.0 17.5 14.2 1-5. 6 14.8 14.8 
0 Crude fiber 3.0 3.3 ~.6 4.3 3.0 3.3 4.2 3.7 
Ether extract 3.1 4.4 4.7 6.9 3.2 3.8 4.4 5.5 
Ash 4.5 5.0 4.4 4.4 3.8 4. 1 3.8 3.9 
Nitrogen-free extract 62.3 58.8 60.2 57.3 65.5 63.0 62.8 61. 5 
Lysine .94 .91 .86 .82 .69 . 7 5. .72 .69 
Results 
Performance data is summarized in table 3. Average daily 
gain for pigs to 130 lb average pen weights was unaffected by 
diet. In the dietary period from 130 to 220 lb and the overall 
period, average daily gain increased linearly (P<.01) as the 
level of sunflower seeds in the diet increased. Although mean 
values for average daily feed intake increased with increasing 
dietary sunflower seed level, these increases were not 
significant. Feed efficiency was unaffected by diet. 
To 
130 
a 
Table 3. Performance Characteristics of Pigs 
Sunflower seeds, % 
Source 0 2.5 5 
130 lb 
Avg daily gain, lb 1. 54 1.72 1. 65 
Avg daily feed, lb 4.32 4.52 4.32 
Feed/gain 2.82 2.63 2.64 
to 220 lb 
lbb Avg daily gain,. 1. 59 1. 59 1. 65 
Avg daily feed, lb 5.93 6.00 6.39 
Feed/gain 3.77 3.84 3.73 
Overall 
lbb Avg daily gain, 1. 57 1. 63 1. 68 
Avg daily feed, lb 5.20 5.42 5.58 
Feed/gain 3.32 3.34 3.28 
a 
Five blocks of four pigs each (average initial weight 
65.7 lb). 
b 
Linear response (P<.01). 
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1. 65 
4.52 
2.74 
1. 81 
6.55 
3.69 
1. 76 
5.75 
3.30 
Changes in carcass characteristics due to diet are shown in 
table 4. Carcass weight, carcass length, average backfat, tenth 
rib fat, pounds of muscle, and area, color, firmness and 
marbling of the longissimus muscle of pork carcasses did not 
change with the addition of sunflower seeds to the diet. 
Carcass firmness decreased (P<.01) as the level of sunflower 
seeds in the diet increased. As carcass firmness decreased, 
·bacon sliceability also became more difficult (P<.01). Although 
there was a decrease in bacon sliceabilty scores as sunflower 
seeds were added to the diet, none of the scores indicated a 
severe slicing problem. 
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Iodine number is a chemical means of measuring the relative 
amount of double bonds in fatty acids making up the fat in a 
carcass. Fat having a large iodine number will contain more 
double bonds and be softer than fat with a smaller iodine 
number. Iodine numbers increased progressively with increasing 
levels of dietary sunflower seeds, indicating that sunflower 
seeds reduce carcass firmness. 
Table 4. Effect of Dietary Sunflower Seeds on 
Carcass Characteristics 
Sunflower seeds, % 
Source 0 2.5 5 10 
Carcass weight, lb 147.5 143.5 141. 8 146.2 
Carcass length, in 31. 9 32.3 31.4 31. 4 
Avg backfat, in .95 .94 .97 .98 
Tenth rib fat, in .96 1.05 .94 1. 01 
Longissimus muscle 
A . 2 4.90 4.38 4.65 4.58 rea •a in 
Color b 3.10 3.10 3.20 3.50 
Firmnessb 2.70 3.00 3.00 3.00 
Marbling c 2.80 2.90 2.70 3.00 
Pounds of muscle 86.8 85.5 87.9 87.5 
Carcass f irmnessd,e 3.70 3.30 3.00 2.50 
Bacon sliceabilitye,f 1.10 1. 40 1. 65 2.40 
Iodine numb erg 55.77 58.17 64.18 71. 04 
a 
Range of 1 to 5 with ·1 being the lightest and 5 the 
darkest. 
b 
Range of 1 to 5 with 1 being the least and 5 the most. 
c 
Kilograms of muscle in a standardized 160 lb carcass. 
d 
Range of 1 to 5 with 1 being the softest and 5 the firmest. 
e 
Linear response (P<.01). 
f 
Range of 1 to 5 with 1 being the best and 5 the worst. 
g 
Cubic response (P<.05). 
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Summary 
Eighty pigs were used to study the effects of feeding 
various levels (0, 2.5, 5 or 10%) of sunflower seeds in a diet 
during their growing-finishing period. 
Performance was not affected by level of sunflower seeds up 
to average weights of 130 lbo From 130 lb to market weight, 
average daily gain increased as sunflower seeds in the diet 
increased. Feed intake and feed efficiency were not affected by 
diet. Carcass firmness decreased and bacon sliceability became 
more difficult as the level to dietary sunflower seeds 
increased. However, problems relating to carcass firmness did 
not appear to be severe enough to cause major processing 
difficulties. 
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THE EFFECT OF SELENIUM ON PIGS 
OF DIFFERENT HAIR COLOR 
R. C. Wahlstrom, T. B. Goehring, G. W. Libal, 
O. E. Olson, I. S. Palmer and R. C. Thaler 
Department of Animal and Range Sciences 
SWINE 83-4 
It has been suggested that levels of certain trace elements 
in hair may be associated with the dietary intake of the ele-
ment. High levels of selenium in the diet have been shown to 
increase hair selenium in swine and also in cattle. The possi-
bility that the degree of selenium toxicity is related to hair 
color has been proposed for cattle, horses and swine. 
This study was conducted to determine if storage of 
selenium in the hair of pigs varied with their color and also to 
determine if hair color was related to degree of selenium 
toxicity. 
Experimental Procedure 
Ten black, 10 red and 10 white pigs, approximately 5 to 6 
weeks of age were used in this study. The black pigs were out 
of crossbred dams and a Chester White sire; however, five of the 
10 pigs had typical Hampshire' white-belt markings. White pigs 
were also out of crossbred dams but were sired by boars from 
three breeds - Chester White, Duroc and Hampshire. The red pigs 
were purebred Durocs. A 20% protein corn-soybean meal supple-
mented diet was fed to two pigs of each color pattern. The 
remaining eight pigs of each color were fed this same diet 
supplemented with sodium selenite to provide about ·8 ppm of 
selenium. Pigs were housed in an environmentally · regulated 
building with feed and water p~ovided ad libitum during the 35 
day experiment. 
Hair samples were obtained from all pigs at the beginning 
and termination of the experiment and analyzed for selenium 
content. Blood samples were obtained at the end of the experi-
ment for selenium analysis. 
Results 
Rate of gain, selenium content of hair and blood selenium 
levels of black, red .and white haired pigs are shown in table 1. 
There were no significant differences among the three hair 
colors in gain, hair selenium or blood selenium level when pigs 
were fed the control diet. However, when the diet containing 8 
ppm of selenium was fed the rate of gain of red pigs was sig-
nificantly reduced compared to black or white pigs. Red pigs 
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were also more severely affected by dietary selenium as four of 
the eight red pigs exhibited selenium toxicity symptoms. Two of 
the pigs developed posterior paralysis and two pigs developed a 
separation of the hooves at the coronary band. None of the 
black pigs or white pigs showed any external signs of selenium 
toxicity. Weight gains of black or white pigs fed the selenium 
diet were similar. However, the gains were somewhat less than 
that of the black pigs and white pigs fed the control diet. 
Table 1. Results of Dietary Selenium on Pigs of 
Different Hair Color 
Item 
Avg initial wt, lb 
Avg daily gain, lb 
Initial selenium in hair, ppm 
Final selenium in hair, ppm 
Selenium in blood, ppm 
Avg initial wt, lb 
Avg daily gain, lb~ 
Initial selenium in hair, ppm 
Final selenium in hair, ppma 
Selenium in blood, ppm 
a 
Black 
20.2 
1.45 
.65 
.98 
.20 
19.9 
1.06 
1.02 
12.2 
1.8 
Color of hair 
Red 
Control Diet 
18.0 
1.03 
.83 
1.08 
. 1 9 
Selenium Diet 
18.2 
.37 
.62 
3.7 
1.8 
White 
20.7 
1.28 
.74 
1. 15 
. 18 
20.2 
l . 1 2 
.68 
10.5 
l . 8 
Red significantly different from black or white (P<.01). 
Adding 8 ppm of selenium to the diet resulted in an 
increase in the selenium content of hair. The initial selenium 
content of hair was approximately .75 ppm, with no difference 
among colors. At the final sampling, hair/selenium varied from 
3.7 ppm in red hair to 10.5 and 12.2 ppm in white and black 
hair, respectively. The selenium content of red hair was sig-
nificantly less than that of black or white hair. 
Blood selenium level increased when selenium in the diet 
increased. However, there were no relationships between blood 
selenium level and hair color or selenium toxicity signs. 
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Summary 
Young weaned pigs of three colors, black, red or white, 
were fed diets containing 8 ppm of selenium for five weeks to 
study the relationship of hair color to selenium content of hair 
and selenium toxicity in swine. The results indicate that 
growth rate is the most sensative index of selenium toxicity in 
swine and that red pigs are more susceptible to selenium 
toxiciti than black or white pigs. It was also shown that the 
selenium. content of hair is influenced by dietary selenium level 
but that hair color is also related to hair selenium level. Red 
hair contained less selenium than black or white hair. Blood 
selenium levels reflected dietary selenium levels but did not 
reflect the differences in selenium toxicity signs observed in 
pigs of different colors. 
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SELENIUM TOXICITY IN GROWING SWINE 
T. B. Goehring, O. E. Olson, I. S. Palmer, 
G. W. Libal and R. C. Wahlstrom 
Department of Animal and Range Sciences 
SWINE 83-5 
The Food and Drug Admin~sttation has approved sodium sele-
nite and sodi~m selenate as supplements to pig starter diets up 
to a level of .3 parts per million (ppm) of selenium. In view 
of this, the potential exists for selenium poisoning to occur 
through accidental contamination, incorrect mixing or incorrect 
formulation of the diet. However, little research has been 
conducted to determine the maximum level of dietary selenium 
that could be tolerated without affecting pig ~erformance. 
The objectives of this study were to establish the level at 
which selenium becomes toxic to growing swine and to determine 
which of the parameters evaluated is the best indication of 
chronic selenium poisoning. 
Experimental Procedure 
·Ninety-six weaned, crossbred pigs averaging 17.6 lb initi-
ally were used in a 5-week_growth trial. Eight barrows and 
eight gilts were allott~d on the basis of weight and ancestry to 
each of six sodium selenite treatments which were replicated 
four times. Pigs were housed four per pen. 
Dietary treatments I through VI consisted of a corn-soybean 
meal fortified diet supplemented with sodium selenite at levels 
to provide approximately 0, 4, 8, 12, 16 and 20 ppm selenium, 
respectively. Composition of the experimental diets is shown in 
table 1. 
Results 
Growth rate and feed intake both decreased linearly (P<.01) 
with increasing levels of sodium selenite in the diet (table 2). 
Five pigs fed the diet containing 20 ppm selenium and two pigs 
fed the 16 ppm selenium diet lost weight during the 5-week 
trial. Pigs fed diets containing 8 ppm selenium or more showed 
a definite aversion to the seleniferous diets and feed wastage 
was a problem. Feed conversion data were not statistically 
anaiyzed due to a negative feed/gain value for one replication 
of pigs fed 20 ppm selenium. Feed/gain values were observed to 
increase numerically as supplemental selenium level increased 
(table 2). 
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Table 1. Percent Composition of Diets (%) 
Diet I II III IV v VI 
Selenium, ppm 
Calculated 0 4 8 12 16 20 
Analyzed .40 4.20 7.84 11. 27 16.43 20.45 
Corn 64.9 64.9 64.9 64,9 64.9 64.9 
Soybean meal 31.96 31. 88 31.80 31. 71 31. 63 31.54 
Di calcium phosphate 1. 8 1. 8 1. 8 1.8 1.8 1. 8 
Limestone .8 . 8 . 8 . 8 . 8 • 8 
Salt, white • 3 . 3 . 3 . 3 0 3 . 3 
Trace mineral-vitamin-
antibiotic premix 8 .24 .24 .24 .24 .24 .24 
Sodium selenite 
premixb .08 . 1 6 .25 .33 .41 
a 
Supplied the following per lb of diet: vitamin A, 1770 IU; 
vitamin D, 177 IU; vitamin E, 7.5 IU; vitamin K, 1.5 mg; 
riboflavin, 2.25 mg; pantothenic acid, 9 mg; niacin, 12 mg; 
vitamin B 12 , 9 ug; zinc, 45 mg; iron, 34 mg; copper, 3.4 mg; 
manganese, 11.4 mg; iodine 79 ug; selenium, 45 ug; pyrantel 
tartrate, 48 mg; and chlortetracycline, 121 mg. 
b 
2.27 g selenium as sodium selenite per lb of premix. 
a,b 
Table 2. Effect of Sodium Selenite Level on Pig Performance 
Selenium level, .£E..!!!. 
Item 0 4 8 12 16 20 
Avg daily gain 
c 
.99 .92 .70 .48 .29 .07 
Avg dailyd feedc 1. 74 1. 74 1. 30 1. 03 .81 .SS 
Feed/gain 1. 78 1. 85 1. 82 2.12 2.82 7.59 
a 
Sixteen pigs per treatment; initial wt, 17.6 lb. 
b 
All weights in pounds. 
c 
Linear effect (P<.01). 
d 
Statistical analysis was not performed due to a negative 
feed/gain value for one· replication of pigs fed 20 ppm selenium. 
Feed/gain data are presented as total feed intake/net gain for 
all pigs per selenium treatment. 
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The effect of sodium selenite level on blood composition 
and selenium content of hair is shown in table 3. The selenium 
levels of the blood increased linearly (P<.01) with increasing 
dietary selenium level. Other researchers have reported that 
animals may become anemic due to selenium poisoning. Packed 
Cell Volume, plasma bilirubin and hemoglobin leveis of the blood 
can be used as diagnostic indicators of this condition. These 
hematological parameters were all within normal ranges in this 
experiment indicating that anemia did not occur. Hair selenium 
concentrations were significantly increased by dietary treat-
ment. The decrease in hair selenium concentration of pigs fed 
20 ppm selenium was probably related to the low feed intake of 
this group. 
Table 3. Effect of Sodium Selenite Level on Blood 
Composition and Hair Selenium Content 
Selenium level, .E.E..!!!. 
Item 0 4 8 12 16 
Blood selenium, 
a 
.32 1. 13 2. 11 2.59 3.43 ppm 
Packed cell volume, % 38.0 38.0 38.0 37.0 38,0 
Hemoglobin, g/100 ml 12. 1 11. 8 11. 5 11. 7 12.0 
Plasma bilirubin, mg£100 ml .09 .07 .08 . 1 1 .06 
Hair selenium, ppma, 1. 9 4.6 11.1 9.9 10. 1 
a 
Linear effect (P<.01). 
b 
Quadratic effect (P<.01). 
20 
3.50 
37.0 
11. 8 
.22 
7.6 
Two pigs 
hide and hoof, 
One pig fed 20 
conditions are 
fed 12 ppm selenium developed a separation of the 
followed by gradual sloughing of the hoof wall. 
ppm selenium developed posterior paralysis. Both 
symptoms of chronic selenium poisoning. 
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Summary 
A 5-week growth trial was conducted to determine the 
toxicity of added sodium selenite and the effect of its excess 
on growing swine fed a cbrn-soybea~ meal diet. 
Pig performance data indicate the level at which sodium 
selenite becomes toxic to growing swine is between 4 and 8 ppm 
selenium when feeding corn-soybean meal diets. Selenium concen-
trations in blood and hair were significantly increased by 
dietary treatment. Dietary treatment had no effect on packed 
cell volume, plasma bilirubin and hemoglobin levels. Two pigs 
fed 12 ppm selenium developed hoof lesions, and one pig fed 20 
ppm selenium developed posterior paralysis. Of the parameters 
evaluated in this experiment, weight gain provided the most 
sensitive index of chronic selenium poisoning. 
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I~. t I 
PEN SPACE AND ANTIBIOTIC EFFECTS ON PERFORMANCE 
OF GROWING-FINISHING PIGS 
G. W, Libal, R. C. Wahlstrom and Roland Hanson 
Department of Animal and Range Sciences 
SWINE 83-6 
The detrimental effects of crowding weaned pigs and the 
advantage of inclusion of an antibiotic in the diets fed from 4 
weeks of age to 40 lb has been documented (SWINE 81-8) as a part 
of a North Central regional project by the Swine Confinement 
Management Committee. It is of interest to know if the same 
responses to crowding and presence of antibiotics can be 
observed with growing-finishing pigs. This study, also part of 
a regional study, was designed to evaluate the possible effect 
of antibiotics and pen space on growing-finishing pigs and the 
interaction of these two factors. 
Procedure 
One hundred ~wenty pigs averaging approximately 44 lb were 
allotted based on sex and weight to two replications of the four 
management treatments. There were 15 pigs per pen consisting of 
nine gilts and six barrows. Pen size was altered to provide 
either 3.5 or 5.0 sq ft per pig during the growing period and 
6.0 or 8.0 sq ft per pig during the finishing period. Anti-
biotic treatments were tylosin at either 0 or 40 g per ton 
during the growing period and 0 or 20 g per ton during the 
finishing periods. The resulting treatments from this 2 x 2 
factorial arrangement were: 
40-125 lb 125-215 lb 
Grams Grams 
tylosin Sq ft tylosin Sq ft 
~ ton -™ space ~ ton ™ space 
Treatment 1 40 3.5 20 6.0 
Treatment 2 40 5.0 20 8.0 
Treatment 3 0 3.5 0 6.0 
Treatment 4 0 5.0 0 8.0 
Pigs were purchased from one source and the experiment was 
conducted at the Cornbelt Research and Extension Center near 
Beresford, South Dakota. The pigs were housed in an environment 
modified confinement building with 50% slatted floors. The 
trial was conducted during the months of June-October. Feed was 
mixed at the South Dakota State University Feed Processing Unit 
at Brookings and transported to Beresford as complete feed. 
Standard diets containing 16% and 14% protein were fed during 
the growing and finishing periods, respectively. 
21 
Results 
The results of the experiment are shown in table 1 which 
shows the combined effects of pen space and antibiotics and in 
table 2 which shows the influence of the main effects of pen 
space and antibiotics on pig performance. These data will be 
combined with other states 0 data to obtain the full response of 
pigs to these management practices. 
Table 1. Combined Effects of Pen Space and Antibiotics 
on Growing-Finishing Pig Performance 
Antibiotic a 
Pen space b 
Initial wt, lb 
Mid-wt, lb 
Final wt, lb 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
a 
+ 
3.5-6.0 
44.4 
125.1 
215.4 
Growing 
1. 37 
3.65 
2.68 
Finishing 
1. 47 
5.44 
3.70 
+ 
5.0-8.0 
44.1 
129.0 
216.3 
Period 
1. 52 
3.76 
2.49 
Period 
1. 65 
6.43 
3.96 
Overall 
1. 42 
4.57 
3.22 
1. 58 
4.92 
3.13 
3.5-6.0 
44.4 
123.1 
215.6 
1. 41 
3.66 
2.61 
1. 40 
5.48 
3.91 
1. 40 
4.65 
3.31 
5.0-8.0 
44.5 
127.9 
216.0 
1. 49 
3.88 
2.60 
1. 57 
5.59 
3.55 
1. 53 
4.73 
3.09 
Tylosin included at 0 or 40 and 0 or 20 g per ton during 
the growing and finishing periods, respectively. 
b 
Pen space was either 3.5 or 5.0 sq ft per pig during the 
growing period and either 6.0 or 8.0 sq ft per pig during the 
finishing period. 
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Table 2. Summary of Effects of Pen Space and Antibiotics 
on Growing-Finishing Pig Performance 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
Avg daily gain, lb 
Avg daily feed, lb 
Feed/gain 
a 
Antibiotica 
+ 
Growing Period 
1. 44 
3.70 
2.58 
1. 45 
3.77 
2.60 
Finishing Period 
1. 56 
5.93 
3.83 
Overall 
1. 50 
4.47 
3.17 
1. 49 
5.53 
3.73 
1. 47 
4.69 
3.20 
b 
Pen space lli ft) 
3.5-6.0 5.0-8.0 
1. 39 
3.65 
2.64 
1. 44 
5.46 
3.81 
1. 41 
4.61 
3.26 
1. 50 
3.82 
2.54 
1. 61 
6.01 
3.76 
1. 55 
4.83 
3.11 
Tylosin included at 0 or 40 and 0 or 20 g per ton during 
the growing and finishing periods, respectively. 
b 
Pen space was changed at approximately 125 lb to reflect 
the space needs of the growing pig. 
Due to only two replications of the treatments at the South 
Dakota station, no significant treatment effects were found. 
However, as one observes the data, there are some numerical 
differences which merit consideration. When data from the other 
stations are combined with these data, it seems feasible that 
statistical significance will be observed if the magnitude of 
differences remains the same. 
Essentially no differences were seen due to the inclusions 
of tylosin in the growing-finishing diets. Average daily gain, 
average daily feed and feed required per unit of gain were very 
similar for both periods. This lack of response to antibiotics 
is usually observed with pigs grown under adequate management 
practices and without serious disease problems, 
Limiting pen space affected gain and efficiency of gain 
during both the growing and finishing periods. It appears that 
3.5 sq ft per pig during the growing period (40 lb to 125 lb) 
and 6.0 sq ft per pig during the finishing period (125 to 215 lb) 
were inadequate to support maximum growth or efficiency of 
growth. 
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Since no depression of performance was observed due to lack 
of antibiotic in the diet, no interaction between antibiotic and 
pen space was observed. 
Summary 
One hundred twenty pigs weighing approximately 44 lb were 
allotted to four management treatments consisting of a combi-
nation of 0 or 40 and 20 g tylosin per ton and pen space per pig 
of 3.5 or 5.0 sq ft and 6.0 or 8.0 sq ft, respectively, during 
the growing and finishing periods. No differences were seen in 
pig performance due to the presence of antibiotics in the diet. 
However, depressed gains and poorer feed efficiency were 
observed when pigs were restricted to 3.5 and 6.0 sq ft per pig 
during the growing and finishing periods, respectively. 
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SWINIE 
DAY 
THE EFFECT OF FEEDING FREQUENCY AND FEED FLAVORING 
ON PERFORMANCE OF LACTATING SOWS AND GILTS 
G. W. Libal and R. C. Wahlstrom 
Department of Animal and Range Sciences 
SWINE 83-7 
Inadequate feed consumption by sows (below 10 lb/day) in 
the farrowing house accompanied by large weight losses during 
lactation is a major problem in the swine industry. Excessive 
sow weight loss is often associated with poor milking perform-
ance and delayed return to estrus after weaning. High tempera-
ture in the farrowing house is often to blame for inadequate 
feed intake. However, even under the most ideal management the 
problem often exists. The trial reported herein is a part of a 
regional study (NCR-89, Confinement Management of Swine) to 
evaluate the effect of feeding frequency and the addition of 
sugar to the diet on sow feed intake and lactation performance. 
Experimental Procedure 
Twenty-six crossbred sows were allotted to four experimen-
tal management treatments on the basis of parity, post-farrowing 
weight and location in the farrowing barn. The management 
treatments were as follows: 
1. Control diet fed 1 tim~/day 
~--
2. Control diet - fed 3 times/day 
3. Sugar diet - fed 1 time/day 
4. Sugar diet - fed 3 times/day 
The experimental diets were corn and soybean meal . based 
containing 14% protein (table 1). The sugar diet contained 2.5% 
feed grade sugar substituted for corn in the diet. Feeding 
frequency was either once per day at 8 a.m. or three times a day 
at 8 a.m., 11:45 a.m. and 4:45 p.m. In both cases sows were to 
be on. full feed. Differences in feed consumption observed were 
intended to be a function of number of feedings per day or type 
of .diet and not a result of limit feeding. Sow and pig weights 
were taken at birth, 10 days and 21 days of lactation and feed 
consumption was recorded daily. 
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Table 1. Composition of Experimental Diets (%) 
Ingredient Control Sugar 
Ground corn 70.40 67.90 
Sugar 2.SO 
Soybean meal, 44% lS.70 lS.70 
Ground beet pulp 10.00 10.00 
Dicalcium phosphate 2.3S 2.3S 
Limestone .SS .SS 
Trace mineralized salt, 8% zinc .so .so 
Vitamin premix .so .so 
Results and Discussion 
The results of pig performance due to lac~ation treatments 
is shown in table 2. Thirteen sows and gilts received each of 
the diets and 13 sows and gilts were included in each feeding 
reqime. No differences were observed among treatments in number 
of pigs at birth or in survival after birth. In this trial, 
gilts farrowed as many pigs as sows and saved significantly more 
pigs than sows to 10 and 21 days of lactation. Average pig 
weights were not statistically different at birth, 10 days or 21 
days due to treatments or due to parity of sows. Litter weights 
at 10 days were greater for sows and gilts fed one time daily 
only when they were fed sugar diets. Although some of the 
numerical differences still existed, the statistical difference 
due to feeding frequency was lost by-21 days of lactation. 
Litter weights at 10 and 21 days were greater for gilts than 
sows, a reflection of greater pig survivability within the gilt 
litters. 
Sow weight and feed consumption data are shown in table 3. 
Sows weighed significantly more than gilts at all weigh dates. 
However, no treatment affects on sow weights were observed. 
During the first 7 days of lactation, sows and gilts fed 3 times 
daily consumed significantly more feed regardless of diet than 
those fed once daily. However, this did not result in differ-
ences in sow weight change or pig weights and differences in 
feed consumption were not observed at 14 or 21 days of lactation. 
In this study,· no advantage to increased frequency of 
feeding or addition of sugar to the diet was observed. This may 
be a result of adequate feed consumption in all treatment groups 
(<10 lb/day). Different results may have been found if feed 
consumption levels of the control groups had been lower. 
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Table 2. Effect of Feeding Frequency and Feed 
Flavoring on Litter Performance 
Diet Control Control Sugar Sugar Parity 
Feedings/day One Three One Three Sows Gilts 
No sows 3 4 4 3 
No gilts 3 3 3 3 
~ No Live Pigs 
Birth 9.7 10.9 9.2 9.9 10.0 9.9 
10 days 8.2 9.5 8.5 8.4 7.4 9. 9a 
21 days 8.0 9.4 8.4 8.2 7.3 9.7a 
~Pig Weight, ~ 
Birth 1. 55 I 1. 55 1. 70 1. 60 1. 63 1. 58 
10 days 3.30 3.15 3.25 2'. 70 2.80 3.40 
21 days 5.90 5.70 6.00 5.20 5.75 5.65 
~ Litter Weights 1 ~ 
Birth 15.10 17.00 15.45 15.25 15.68 15.73 
10 days c 27.30 30.60 28.45 23.00 21. 58 
a 
33.lOb 
21 days 48.30 53.40 50.05 43.00 43.03 54.35 
a 
P<.01 difference between sows and gilts. 
b 
P<.10 difference between sows and gilts. 
c 
P<.05 heavier litter when sows and gilts were fed 1 time 
per day only when receiving the sugar diets. 
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Table 3. Effect of Feeding Frequency and Feed Flavoring 
on Sow Weight and Feed Consumption 
Diet Control Control Sugar Sugar Parity 
Feedings/day One Three One Three Sows Gilts 
Sow Weight, lb 
Birth 439' 479 433 454 503 400a 
10 days 434 468 427 459 501 393a 
21 days 424 450 425 446 486 386a 
Sow Feed Consum2tion, lb 
~- "'7""'days 5 5~ 80 59 78 67 71 
14 days 141 160 142 146 149 146 
21 days 220 254 228 218 235 224 
Per day of 10.5 12. 1 10.9 10.4 11. 2 10.7 
lactation 
a 
P<.Ol difference between sows and gilts. 
b 
P<.01 higher feed consumption with 3 feedings per day 
regardless of the diet fed. 
Summary 
Twenty-six sows and gilts were allotted to treatments con-
sisting of two feeding frequencies (1 or 3 times daily) and two 
diets (control or control plus 2.5% sugar). Although some 
differences existed between sows and gilts, no differences in 
pig numbers or weights were observed due to treatments. Sow 
weights were unaffected. Feed consumption increased for sows 
and gilts during the first 7 days of lactation due to feeding 3 
times per day. However, no differences were observed by 14 and 
21 days of lactation. Feed consumption was considered adequate 
for all treatment groups. 
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EFFECT OF LYSINE IN STARTER DIETS ON 
PERFORMANCE AND CARCASS CHARACTERISTICS OF SWINE 
R. C. Thaler, R. C. Wahlstrom and G. W. Libal 
Department of Animal and Range Sciences 
SWINE 83-8 
Current research indicates that the lysine level suggested 
by the National Research Council for starter pigs (10 to 20 kg) 
may be inadequate. Lysine, the first limiting amino acid in 
most swine rations, is mainly provided by soybean meal in 
cereal-based diets. With the increasing price of soybean meal, 
it is important to determine the correct lysine requirement in 
order to minimize the amount of soybean meal needed in the 
ration. In low protein diets, lysine has been shown to increase 
rate of gain and decrease feed/gain in swine.· It also effects 
carcass characteristics by increasing loin-eye area and total 
amount of lean, while decreasing fat percentage. 
The purpose of this experiment was to determine the effects 
of varying levels of lysine in starter diets on performance of 
swine from weaning to slaughter and on the resulting carcass 
characteristics. 
Experimental Procedure 
A total of 265 crossbred weanling pigs averaging 17 lb were 
used in three trials and allotted to four treatments by weight, 
sex and ancestry. Two barrows and two gilts were assigned to a 
pen, and pens in the same replication had uniform weights. In 
trials 1 and 3, each treatment was replicated six times and 
trial 2 consisted of five replicated lots per treatment. The 
pigs were housed in an environmentally controlled room on a 
slotted floor until they reached a pen average weight of 44 lb. 
They were then moved to a confinement barn where all pigs in the 
same trial received identical diets. The pigs in trial 1 
received .70% lysine from 44 lb to 77 lb and .61% lysine from 77 
lb to 220 lb. At 220 lb, the barrows were slaughtered and 
carcass data obtained. The pigs in trial 2 received . 70% lysine 
from 44 lb to 77 lb at which time the trial was terminated. 
Data for trial 3 are included only for the per{od to 44 lb. The 
four lysine treatments fed to 44 lb in each trial were as 
follows: 
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Trial 1 Treatment 1 .7S% lysine 
Treatment 2 .8S% lysine 
Treatment 3 .9S% lysine 
Treatment 4 l.OS% lysine 
Trial 2 Treatment 1 . 8 % lysine 
Treatment 2 . 9 % lysine 
Treatment 3 1.0 % lysine 
Treatment 4 1.1 % lysine 
Trial 3 Treatment 1 .8 % lysine 
Treatment 2 .9S% lysine 
Treatment 3 1.1 % lysine 
Treatment 4 l.2S% lysine 
The composition of the diets is shown in 
Table 1. Composition of Experimental 
17 to 44 lb 44 to 77 
Trial 1 -2~ 1 
Ingredients 
Ground corn S0.22 6S.71 80. 18 
Oat groats 20.00 
Soybean meal, 44% 14.20 18.71 17.00 
Dried whey 10.00 10.00 
Yellow grease 2.00 2.00 
Dicalcium phosphate 2.20 2.20 1. 60 
Ground limestone .6S .6S .70 
Trace mineral mix a .OS .OS .OS 
White salt .30 .30 .30 
Vitamin premixb .03 .03 .03 
ASP 2SO .2S .2S 
Banminth .10 .10 .10 
Aureo-SO .04 
a 
Provided the following minerals in ppm: 
iron, 7S; copper, 7.S; manganese, 2S; iodine, 
selenium .1. 
b 
table 1. 
Diets (%) 
lb 77 to 220 
2 -1-
78.28 84. 10 
19.00 13.SO 
1. so 1. 30 
.70 .70 
.OS .OS 
.30 .30 
.03 .03 
.10 
.04 .02 
zinc, 100; 
.17S and 
Provided per lb of diet: vitamin A, 2000 IU; vitamin D, 
200 IU; riboflavin, 2.2S mg; pantothenic acid, 9 mg; niacin, 
12 mg; vitamin B12 , 9 mcg; vitamin E, 7.S IU and vitamin K, 1. S mg. 
30 
lb 
Results 
The performance data for the pigs in trial 1 are summarized 
in table 2. During the period from 17 to 44 lb, pigs receiving 
diets containing .95 and 1.05% lysine gained faster (P<.01) than 
pigs fed the .75% lysine diet. Also, pigs fed the 1.05% lysine 
diet gained faster (P<.05) than did pigs fed the .85% lysine 
diet. For the periods of 44 to 77 and 77 to 220 lb and the 
composite growth period (17 to 220 lb) there were no significant 
differences in rate of gain among treatments. There were no 
differences among treatment means for average daily feed during 
any of the periods. During the initial period, pigs receiving 
diets containing .95 and 1.05% lysine required less feed/gain 
(P<.01) than did pigs fed diets of .75 and .85% lysine. There 
were no differences among treatments in feed efficiency during 
the subsequent growth periods or for the overall period. The 
varying levels of lysine fed during the initial period did not 
result in any significant differences in any of the carcass 
characteristics measured. 
The results of the second trial are presented in table 3. 
Pigs fed the three highest lysine levels (.9, 1.0 and 1.1%) had 
significantly greater average daily gains than the pigs fed the 
.8% lysine diet. Gains for the 44 to 77 lb and 17 to 77 lb 
periods were not significantly different. Feed consumption 
during the 17 to 44 lb period was significantly greater for 
pigs receiving the .9% lysine diet. However, average daily feed 
was not significantly different among treatments for the periods 
of 44 to 77 lb or 17 to 77 lb. Dietary lysine levels had an 
effect on the feed efficiencies during each of the growth 
periods. During the 17 to 44 lb stage, pigs consuming diets 
containing 1.0 and 1.1% lysine required significantly less 
feed/gain than did pigs receiving .8 and .9% lysine diets. 
During the period from 44 to 77 lb pigs that had previously 
received the .8% lysine diet required the most feed/gain while 
those previously fed .9% dietary lysine required the least 
feed/gain. For the overall period, 17 to 77 lb pigs fed .9, 1.0 
or 1.1% lysine from 17 to 44 lb required less feed/gain (P<.05) 
than did pigs fed the .8% lysine diet to 44 lb. 
The only data available for trial 3 at the time of writing 
this report were for the 17 to 44 lb period. These data are 
summarized in table 4. There were no significant differences 
due to dietary lysine levels in average daily gain or average 
daily feed. However, pigs receiving diets containing 1.10 and 
1.25% lysine had significantly better feed efficiencies than did 
pigs receiving the .95% lysine diet. 
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EFFECT OF LYSINE IN STARTER DIETS ON 
PERFORMANCE AND CARCASS CHARACTERISTICS OF SWINE 
R. C. Thaler, R. C. Wahlstrom and G. W. Libal 
Department of Animal and Range Sciences 
SWINE 83-8 
Current research indicates that the lysine level suggested 
by the National Research Council for starter pigs (10 to 20 kg) 
may be inadequate. Lysine, the first limiting amino acid in 
most swine rations, is mainly provided by soybean meal in 
cereal-based diets. With the increasing price of soybean meal, 
it is important to determine the correct lysine requirement in 
order to minimize the amount of soybean meal needed in the 
ration. In low protein diets, lysine has been shown to increase 
rate of gain and decrease feed/gain in swine.· It also effects 
carcass characteristics by increasing loin-eye area and total 
amount of lean, while decreasing fat percentage. 
The purpose of this experiment was to determine the effects 
of varying levels of lysine in starter diets on performance of 
swine from weaning to slaughter and on the resulting carcass 
characteristics. 
Experimental Procedure 
A total of 265 crossbred weanling pigs averaging 17 lb were 
used in three trials and allotted to four treatments by weight, 
sex and ancestry. Two barrows and two gilts were assigned to a 
pen, and pens in the same replication had uniform weights. In 
trials 1 and 3, each treatment was replicated six times and 
trial 2 consisted of five replicated lots per treatment. The 
pigs were housed in an environmentally controlled room on a 
slotted floor until they reached a pen average weight of 44 lb. 
They were then moved to a confinement barn where all pigs in the 
same trial received identical diets. The pigs in trial 1 
received .70% lysine from 44 lb to 77 lb and .61% lysine from 77 
lb to 220 lb. At 220 lb, the barrows were slaughtered and 
carcass data obtained. The pigs in trial 2 received . 70% lysine 
from 44 lb to 77 lb at which time the trial was terminated. 
Data for trial 3 are included only for the per{od to 44 lb. The 
four lysine treatments fed to 44 lb in each trial were as 
follows: 
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Treatment 3 .9S% lysine 
Treatment 4 l.OS% lysine 
Trial 2 Treatment 1 . 8 % lysine 
Treatment 2 . 9 % lysine 
Treatment 3 1.0 % lysine 
Treatment 4 1.1 % lysine 
Trial 3 Treatment 1 .8 % lysine 
Treatment 2 .9S% lysine 
Treatment 3 1.1 % lysine 
Treatment 4 l.2S% lysine 
The composition of the diets is shown in 
Table 1. Composition of Experimental 
17 to 44 lb 44 to 77 
Trial 1 -2~ 1 
Ingredients 
Ground corn S0.22 6S.71 80. 18 
Oat groats 20.00 
Soybean meal, 44% 14.20 18.71 17.00 
Dried whey 10.00 10.00 
Yellow grease 2.00 2.00 
Dicalcium phosphate 2.20 2.20 1. 60 
Ground limestone .6S .6S .70 
Trace mineral mix a .OS .OS .OS 
White salt .30 .30 .30 
Vitamin premixb .03 .03 .03 
ASP 2SO .2S .2S 
Banminth .10 .10 .10 
Aureo-SO .04 
a 
Provided the following minerals in ppm: 
iron, 7S; copper, 7.S; manganese, 2S; iodine, 
selenium .1. 
b 
table 1. 
Diets (%) 
lb 77 to 220 
2 -1-
78.28 84. 10 
19.00 13.SO 
1. so 1. 30 
.70 .70 
.OS .OS 
.30 .30 
.03 .03 
.10 
.04 .02 
zinc, 100; 
.17S and 
Provided per lb of diet: vitamin A, 2000 IU; vitamin D, 
200 IU; riboflavin, 2.2S mg; pantothenic acid, 9 mg; niacin, 
12 mg; vitamin B12 , 9 mcg; vitamin E, 7.S IU and vitamin K, 1. S mg. 
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Results 
The performance data for the pigs in trial 1 are summarized 
in table 2. During the period from 17 to 44 lb, pigs receiving 
diets containing .95 and 1.05% lysine gained faster (P<.01) than 
pigs fed the .75% lysine diet. Also, pigs fed the 1.05% lysine 
diet gained faster (P<.05) than did pigs fed the .85% lysine 
diet. For the periods of 44 to 77 and 77 to 220 lb and the 
composite growth period (17 to 220 lb) there were no significant 
differences in rate of gain among treatments. There were no 
differences among treatment means for average daily feed during 
any of the periods. During the initial period, pigs receiving 
diets containing .95 and 1.05% lysine required less feed/gain 
(P<.01) than did pigs fed diets of .75 and .85% lysine. There 
were no differences among treatments in feed efficiency during 
the subsequent growth periods or for the overall period. The 
varying levels of lysine fed during the initial period did not 
result in any significant differences in any of the carcass 
characteristics measured. 
The results of the second trial are presented in table 3. 
Pigs fed the three highest lysine levels (.9, 1.0 and 1.1%) had 
significantly greater average daily gains than the pigs fed the 
.8% lysine diet. Gains for the 44 to 77 lb and 17 to 77 lb 
periods were not significantly different. Feed consumption 
during the 17 to 44 lb period was significantly greater for 
pigs receiving the .9% lysine diet. However, average daily feed 
was not significantly different among treatments for the periods 
of 44 to 77 lb or 17 to 77 lb. Dietary lysine levels had an 
effect on the feed efficiencies during each of the growth 
periods. During the 17 to 44 lb stage, pigs consuming diets 
containing 1.0 and 1.1% lysine required significantly less 
feed/gain than did pigs receiving .8 and .9% lysine diets. 
During the period from 44 to 77 lb pigs that had previously 
received the .8% lysine diet required the most feed/gain while 
those previously fed .9% dietary lysine required the least 
feed/gain. For the overall period, 17 to 77 lb pigs fed .9, 1.0 
or 1.1% lysine from 17 to 44 lb required less feed/gain (P<.05) 
than did pigs fed the .8% lysine diet to 44 lb. 
The only data available for trial 3 at the time of writing 
this report were for the 17 to 44 lb period. These data are 
summarized in table 4. There were no significant differences 
due to dietary lysine levels in average daily gain or average 
daily feed. However, pigs receiving diets containing 1.10 and 
1.25% lysine had significantly better feed efficiencies than did 
pigs receiving the .95% lysine diet. 
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Table 2 . Performance Characteristics (Trial 1) 
Treatment No 1 2 3 4 
Lysine level, % .75 .85 .95 1. 05 
!..!.& daily gain 1 lb 
17 to 44 lbb .73 .78 .83 .86 
44 to 77 lb 1. 23 1. 25 1. 26 1. 25 
77 to 220 lb 1. 77 1. 71 1. 77 1. 73 
17 to 220 lb 1. 38 1. 38 1. 43 1. 43 
!..!.& daily feed 1 lb 
17 to 44 lbc 1. 59 1. 60 1. 56 1. 58 
44 to 77 lb 3.92 4.08 3.75 3.94 
77 to 220 lb 6.61 6.99 6.85 6.92 
17 to 220 lb 4.72 5.06 4.91 5.07 
Feed/gain 
17 to 44 lb 2.20 2.06 1. 86 1. 85 
44 to 77 lb 3.19 3.29 2.99 3. 15 
77 to 220 lb 3.76 4. 10 4.01 4.00 
17 to 220 lb 3.46 3.67 3.51 3.55 
Carcass data 
Avg backfat, in 1. 20 1. 26 1. 23 1. 18 
Loin eye area, sq in 4.40 4.43 4.88 4.63 
Lean, % 52 .10 52.24 52.40 53.12 
Carcass length, in 31. 4 31. 3 31. 7 31. 6 
a 
Six lots of four pigs per treatment. 
b 
Treatment 1 differs from treatments 3 and 4 (P<.01); 
treatment 2 differs from treatment 4 (P<.05). 
c 
Treatment 1 differs from treatments 2' 3 and 4 (P<.01); 
treatment 2 differs from treatments 3 and 4 (P<.01). 
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Table 3. Performance Characteristics (Trial 2) 
Treatment No 1 2 3 4 
Lysine level, % .8 . 9 1. 0 1.1 
Avg daily gain 2 lb 
17 to 44 lbb .79 .88 .86 .88 
44 to 77 lb 1.12 1. 29 1. 17 . 1.15 
17 to 77 lb .94 1. 06 1. 00 1. 01 
~ daily feed 1 lb 
17 to 44 lb c 1. 54 1. 67 1. 52 1. 51 
44 to 77 lb 3.73 ·3.37 3.43 3.44 
17 to 77 lb 2.53 2.49 2.42 2.46 
Feed/gain 
17 to 44 lbd 1. 95 1. 90 1. 78 1. 72 
44 to 77 lbe 3.20 2.71 2.92 2.82 
17 to 77 lbf 2.66 2.35 2.41 2.35 
a 
Five lots of four pigs per treatment. 
b 
Treatment 1 differs from treatments 2 and 3 (P<.05) and 
treatment 4 (P<.01). 
c 
Treatment 2 differs from treatments 1' 3 and 4 (P<.01). 
d 
Treatments 1 and 2 differ from treatments 3 and 4 (P<.01). 
e 
Treatment 1 differs from treatments 2 ' 3 and 4 (P<.01); 
treatment 2 differs from treatments 1 ' 3 and 4 (P<.01), treat-
ment 3 differs from treatment·4 (P<.01). 
f 
Treatment 1 differs from treatments 2' 3 and 4 (P<.01). 
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Table 4. Performance Characteristics (Trial 3) 
Treatment No 1 2 3 
Lysine level, % .80 .95 l ."10 
Avg daily gain, lb .75 .79 .79 
Avg dailybfeed, lb 1.66 1. 66 1.53 
Feed/gain 2.02 2.09 1.95 
a 
Six lots of four pigs per treatment. 
b 
Treatment 2 differs from treatment 3 and 4 (P<.01). 
Summary 
4 
1.·25 
.78 
1. 54 
1. 98 
Two hundred sixty-five crossbred weanling pigs averaging 17 
lb were used to study the effects that varying lysine levels in 
starter diets from 17 to 44 lb had on performance for several 
growth periods. Forty-eight barrows were slaughtered to deter-
m.ine if differences existed in carcass characteristics. The 
lysine levels used in trial 1 were . 75, .85, .95 and 1.05%. In 
trials 2 and 3, lysine levels of .8, .9, 1.0 and 1.1% and .8 
.95, 1.1 and 1.25% were used, respectively. 
Average daily gain was increased in the initial period by 
the higher lysine ration. However, subsequent and total gains 
were not effected by varying lysine levels during the starter 
period. Average daily feed was also unaffected by the lysine 
levels used, except during the 17 to 44 lb stage in trial 2. 
Feed efficiency was improved during the 17 to 44 lb period in 
all 3 trials when pigs received diets containing the higher 
levels of lysine. However, in trial 1, this difference in feed 
efficiency did not exist after 77 to 220 lb. In trial 2, pigs 
fed the lowest lysine st~rter diet also had the poorest feed 
efficiency during the 44 to 77 lb period. and for the combined 17 
to 77 lb period. No differences in carcass characteristics were 
observed. Thus, the advantages of high dietary lysine levels 
were mainly confined to the initial growth stage (17 to 44 lb). 
There were no detrimental effects during the subsequent growth 
periods or the total growth period caused by the lower lysine 
levels used in these trials. It appears that the pig can com-
pensate for the reduction in performance that occurs when diets 
slightly deficient in lysine are fed to weights of 44 lb if 
subsequent diets are adequate in lysine. 
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EFFECT OF VIRGINIAMYCIN ON GROWTH AND CARCASS 
CHARACTERISTICS OF BARROWS AND GILTS 
R. C. Wahlstrom, A. D. Hartman and G. W.Libal 
Department of Animal and Range Sciences 
SWINE 83-9 
Antibiotics have been used as additives to swine diets for 
approximately 30 years. Various antibiotics have been shown to 
improve gro~th performance and efficiency of feed utili~ation. 
In addition, antibiotics have reduced low order infection. 
Since different organisms are sensitive to different antibi-
otics, the antibiotic of choice may vary depending on the organ-
isms present. The effect of antibiotics on carcass charac-
teristics has been less conclusive. 
This experiment was conducted to determine the effect of 
the antibiotic, virginiamycin, on performance and carcass char-
acteristics of barrows an~ gilts fed separately. 
Experimental Procedure 
Forty-eight. barrows and 40 gilts weighing an average of 52 
lb were evenly distributed by weight within sex groups and 
allotted by litter to 22 pens (12 pens of barrows and 10 pens ~f 
gi 1 ts) . There were six replications of bar rows a·nd five rep 1 i-
ca t ions of gilts allotted to the two treatments. Within each 
replication, treatment groups were composed of littermate pigs. 
Pigs had access to self-feeders in pens providing approximately 
8 square feet per pig in a totally slotted floor confinement 
building. Pigs were removed from the experiment by pen at 
average pen weights of approximately 220 lb. All of the barrows 
and two replicates of gilts were slaughtered in the University 
abattoir, and the following carcass data were obtained: carcass 
weight, carcass length, 10th rib and average backfat, loin eye 
area, and lb of muscle. per 160 lb of carcass. 
. 
Pigs were fed either a corn-soybean meal basal diet 
(control) or the control diet containing 10 g of virginiamycin 
per ton of feed. Diets contained 16% protein to averag~ weights 
of 123 lb and 14% protein from 123 lb to final weights. Compo-
sition of the diets is shown in table 1. 
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Table 1. Composition of Diets (%) 
Ingredient 
Ground corn 
Soybean meal, 44% 
Dicalcium phosphate 
Ground limestone 
Salt 
Trace mineral iremixa 
Vitamin premix 
a 
Grower 
• 16% protein 
77. 1 
20.5 
1. 2 
. 8 
.3 
.05 
.05 
Finisher 
14% protein 
82.6 
15.0 
1. 4 
. 6 
. 3 
.05 
.05 
Supplied the following minerals in ppm: zinc, 
100; iron, 75; copper, 7.5; manganese, 25; iodine, 
.175; and selenium .1. 
b 
Supplied per pound: vitamin A, 1500 IU;. 
vitamin D, 150 IU; vitamin E, 5 IU; vitamin K, 1 mg; 
riboflavin, 1.5 mg; pantothenic acid, 6 mg; niacin, 
8 mg and vitamin B 
12 
, 6 mcg. 
Results 
The effect of virginiamycin on performance and carcass 
characteristics of barrows and gilts is shown in table 2. 
During the growing period, average daily gain was greater 
(P<.01) for pigs fed virginiamycin. The increased rate of gain 
appeared to be a result of increased feed intake as there was no 
differences in feed efficiency. There were no significant dif-
ferences in rate of gain, feed intake or feed efficiency during 
the finishing period or for the overall feeding period between 
pigs fed the diets with or without virginiamycin. There were no 
differences in carcass measurements of pigs fed the control diet 
versus pigs fed the diet containing virginiamycin. 
Barrows gained faster (P<.01) than gilts during the finish-
ing and overall periods. The barrows also consumed more feed 
daily during all periods; however, this difference was signifi-
cant only for the overall period. There were no differences in 
feed efficiency due to sex. Gilts had larger (P<.07) loin eyes 
than barrows. They also had slightly less backfat and more 
pounds of muscle per 160 lb of carcass than did barrows; how-
ever, these differences were not statistically significant. 
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Table 2. Effect of Virginiamycin on Performance 
of Barrows and Giltsa 
Barrows Gilts 
Control Virginiamycin Control Virginiamycin 
Avg daily gain, lbb 
Avg daily feed, lb 
Feed/gain 
Grower period .f.21. !.£ 123 ill 
1. 48 
4.23 
2.86 
1. 53 
4. fi.8 
2.86 
1. 41 
4.14 
2.95 
1. 50 
4.35 
2.89 
Finisher period .Ll:.ll !.£ 220 lb) 
Avg daily gain, lbc 
Avg daily feed, lb 
Feed/gain 
Avg daily gain, lbc 
Avg daily feed, lbd 
Feed/gain 
Wt, lb 
Length, in 
Tenth rib fat, in 
Avg backfat, in 
Loin eye area, sq in 
Lb muscle/160 lb 
carcass 
a 
1. 86 
6.93 
3.69 
1. 67 
5.61 
3.34 
146.2 
31. 8 
.95 
1. 01 
4.31 
86.8 
1. 86 
7.15 
3.86 
1. 67 
6 .14 
·3. 66 
Overall ill !.£ 220 ill 
1. 71 
5.83 
3, L~3 
Carcass 
148.6 
32.1 
1.03 
1. 04 
4.33 
86.0 
1. 55 
5.20 
3.36 
data 
154.5 
33.0 
.83 
.98 
4.98 
90.4 
1. 65 
6.49 
3.93 
1. 58 
5.50 
3.48 
147.4 
32.6 
. 8 1 
.98 
4.88 
90.0 
Six lots of four barrows and five lots of four gilts per 
treatment. 
b 
Antibiotic effect (P<.01). 
c 
Sex effect (P<.01). 
d 
Sex effect (P<.05). 
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Summary 
Forty-eight barrows and 40 gilts averaging about 52 pounds 
were used to study the effect of 10 g of virginiamycin per ton 
of feed on perfor~ance of barrows and gilts. 
The addition of virginiamycin improved daily gain during 
the growing period but had no effect on gain in the finishing or 
overall periods. There was no effect on feed efficiency in any 
growth period. Barrows gained faster than gilts during the 
finishing and overall periods and had smaller loin eye areas. 
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THE EFFECTS OF SARSAPONIN AND BACITRACIN MD ON 
PERFORMANCE OF GROWING-FINISHING PIGS 
G. W. Libal, R. C. Wahlstrom and Roland Hanson 
Department of Animal and Range Sciences 
SWINE 83-10 
Feed additives have been used to promote growth and feed 
efficiency of growing-finishing pigs for over 30 yeais. Typic-
ally, greatest response is found during early stages of growth 
and less response during the finishing period under conditions 
of good management. Recently, sarsaponin, a naturally occurring 
plant steroid derived from the yucca plant, has become available 
as a feed additive under the commercial name, Micro-Aid. Claims 
for this product include increased performance of· pigs during 
the finishing period. The antibiotic, Bacitracin MD, also has 
been shown to improve performance during later stages of growth 
more than is expected of most feed additives. 
The study reported herein was designed to evaluate the 
response of pigs to these two feed additives when fed separately 
or in combination. 
Experimental Procedure 
One hundred twenty crossbred feeder pigs from one source 
were r~ndomly allotted to the four treatment groups on the basis 
of sex and weight. Each pen consisted of three barrows and 
three gilts. Experimental treatments were as follows: 
1. Bacitracin MD (40 g/ton) 
2. Micro-Aid (2 oz/ton) + Bacitracin MD (40 g/ton) 
3. Control 
4. Micro-Aid (2 oz/ton) 
Starting weights for the five replications of the four 
treatments averaged 68.8, 63.2, 58.2, 54.2 and 49.3 lb for 
replications one through five, respectively. All replications 
were started on test the same day, November 17, 1982. The 
experiment was terminated by pen when average pen weight reached 
225 lb on the weekly weigh day. Termination dates were between 
February 16 and March 18, 1983. Diets contained 16 and 14% 
protein during the growing and finishing period, respectively. 
Pigs were owned by and feed supplied by Farmers Cooperative 
Society of Sioux Center, IA who were cooperators on the study. 
Micro-Aid and financial support were provided by Distributors 
Processing, Inc. who manufacture Micro-Aid. Pigs were provided 
10 sq ft of pen space and were housed in the environment-modi-
f ied confinement barn at the Southeast South Dakota Experiment 
Farm at Beresford, South Dakota. 
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Results and Discussion 
The results of the trial are shown in table 1. No signifi-
cant differences among treatments were 'observed. It is inter-
esting to note that the slowest gains were observed for pigs 
receiving no feed additive during both the growing and the 
finishing periods. 'However, this difference is not significant. 
Performance of all pens was good, averaging over 1.6 lb 
gain/day. Typically, little response to feed additi~es is 
observed when performance of the pigs is at a high level. 
Feed consumption varied between pens and treatments but was 
not consistantly ass6ciated with treatme~ts. Feed per unit of 
gain was unaffected by experimental treatment. 
Table 1. Effect of Bacitracin MD and Micro-Aid 
on Performance of Growing~Finishing Pigs 
Bacitracin MD 
Micro-Aid 
Pig Weights, lb 
Start 
Mid 
End 
Average Daily Gain, lb 
Grower 
Finisher 
Overall 
Average Daily Feed, lb 
Grower 
Finisher 
Overall 
Feed/Gain 
Grower 
Finisher 
Overall 
+ 
58.8 
126.1 
228.9 
1. 65 
1. 64 
1. 64 
5.02 
6.15 
5.67 
3.04 
3.75 
3.46 
40 
+ 
+ 
58.5 
127. 1 
231. 2 
1. 60 
1. 63 
1. 62 
4.88 
6.60 
5.92 
3.05 
4.05 
3.65 
58.9 
133.6 
229.3 
1. 57 
1. 55 
1. 56 
4.65 
6.32 
5.60 
2.96 
4.08 
3.59 
+ 
58.8 
130.l 
229.2 
1. 61 
1. 65 
1. 63' 
4.75 
7.08 
6.06 
2.95 
4.29 
3.72 
Summary 
A total of 120 feeder pigs were used in this experiment to 
study the effect on pig performance of feeding diets containing 
40 g/ton of Bacitracin MD, 2 g/ton of Micro-Aid or the combin-
ation of these two additives in swine feed. 
Under the conditions of this experiment 
performance and management, no advantage 
including either Micro-Aid or Bacitracin MD 
growing-finishing pigs. 
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with above avera~e 
was observed for 
in the diets of 
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